Abstract: Reproductive traits of female Rana nigromaculata inhabiting northern Ina Basin, Nagano Prefecture, were studied for two breeding seasons. The breeding season lasts at least two months between mid May and early July. This prolonged breeding is caused by markedly asynchronous development of ovarian eggs among females. Smaller females tend to breed later in the season than larger ones. Clutch size and ovum size are positively correlated with female snout-vent length.
Current studies on anuran mating behavior showed that duration of the breeding season is an important key to understand the mating systems. The duration of the breeding season has two main consequences. First, it determines male density at the breeding site, which often influences male mate-locating behavior. Second, arrival patterns of gravid females at the breeding sites differ markedly between species (or populations) with short breeding seasons and those with long breeding seasons (Wells, 1977; Arak, 1983) . The arrival patterns of gravid females also strongly influence male mate-locating behavior (Wells, 1977) . Based on the duration of the breeding season, anuran breeding patterns are divided into two major categories. One is explosive breeding in which breeding activities occur within a few weeks, and the other is prolonged breeding in which breeding activities extend for more than a month (Wells, 1977) .
In order to understand fully the mating system of a given population of anurans, exact duration of the breeding season should be clarified with relation to the arrival pattern of gravid females. It is, however, relatively difficult to observe the temporal pattern of appearance of gravid females in species which inhabit exclusively their breeding sites, because reproductive and nonreproductive females always coexist there. In such species, investigation of the female ovarian cycle is a useful method to learn the temporal pattern of female reproduction (Serizawa, 1985) .
Rana nigromaculata is a common pond frog distributed widely in east Asian regions, including China, Korea, and Japan (Maeda and Matsui, 1989) . It lives around paddy fields of plains and hillsides, and breeds from spring to early summer in still waters such as paddy fields and ponds. Breeding habits of this frog have been noted by numerous investigators (e. g., Liu, 1931; Kokuryo, 1979; Serizawa, 1983) , and it has been regarded as an explosive breeder (see also Wells, 1977: Appendix 4) . However, in the northern Ina Basin, Nagano Prefecture, breeding activities of R. nigromaculata, that is, male displays and deposition of eggs, can be observed for a long period from mid May to early July. The purpose of the present study was to learn the proximate cause of such prolonged breeding in this population. In the present paper, I report temporal changes in female reproductive conditions and some clutch parameters based on data for two breeding seasons.
STUDY SITE AND METHODS
This study was carried out in the breeding seasons of 1985 and 1989 in paddy fields of ca.
above sea level), Nagano Prefecture, central Japan. The paddy fields were dry until late April, but were filled with water about 5cm deep during late April-early September. Young rice plants were planted in mid May. The banks and paths along the paddy fields were partially covered with weeds and grasses. Female pond frogs were sought and collected once every 15 days from mid May to late July. But I failed to capture females in late July in both years. Individuals which were obviously immature, i. e., less than about 50mm, were not captured. All individuals captured were fixed in 10% formalin solution within the day of capAccepted 1 May 1993 ture. They were preserved for about a month, and then were measured for snout-vent length (SVL) and dissected. Reproductive conditions of individual females were classified into five stages based on the degree of egg development in their ovaries or oviducts, i. e., I: undeveloped ovaries; II: developing ovaries; III: ovaries with well-developed eggs; III': oviductal eggs; IV: after spawning (see Serizawa, 1983 for details). Females whose ovaries were in stages II-IV were judged to be sexually mature and those whose ovaries were in stage I were judged to be juveniles. As to the females of stages III and III', the number of eggs within the ovaries or oviducts was counted directly, and the total number of eggs per female was regarded as clutch size. In addition, 10 eggs each from the females of stage III' were picked at random from the oviducts and their diameter was measured to the nearest 0.1mm with an ocular micrometer. The average diameter of the 10 eggs is referred to as the ovum size for each female.
RESULTS
The pond frogs were not found before 10 May even if the paddy fields were already filled with water ca. 5cm deep.
The Figure 3 shows the relationship between day of observation and SVL of the smallest breeding females, i. e., those after ovulation. There was a trend for smaller females to breed later in the season than larger ones (1985: Kendall's tau=-1.0, p<0.01; 1989: tau=-0.60, p= 0.117). Some small females still had well-developed eggs in their ovaries or oviducts in early July. Thus the period of ovulation lasted at least two months between mid May and early July in both years. The smallest size of the mature female was 60.0mm in SVL. No female had There was a significant positive correlation between ovum size and clutch size (r=0.800, p<0.005, N=11).
DISCUSSION
This study showed female reproductive traits of Rana nigromaculata inhabiting northern Ina Basin, Nagano Prefecture.
The period in which ovulation and spawning occur lasted at least two months between mid May and early July in both years studied.
Because male displays were also observed during this period, the breeding season in this population of R. nigromaculata was longer than two months. The prolonged breeding is caused by the asynchronous development of eggs among females. Reproductive conditions varied markedly among individuals, and smaller females tended to breed later in the season than larger ones (Figs. 1, 2) . The asynchronous appearance of gravid females is one of the significant characteristics of anurans with prolonged breeding seasons (see Wells, 1977; Arak, 1983) . Previous studies on the breeding biology of R. nigromaculata showed that explosive breeding is the common breeding pattern in this frog (e. g., Liu, 1931; Kokuryo, 1979; Serizawa, 1983) . In the populations of this frog with explosive breeding seasons, development of eggs is synchronous among individual females. For example, Serizawa (1983) showed that almost all mature females of this frog from Tatsuda, Aichi Prefecture, had well-developed ovarian eggs at the beginning of the breeding season. Under such conditions, spawning must occur synchronously within a relatively short period. Serizawa (1983 Serizawa ( , 1985 suggested that shortage of water at the breeding sites is one possible factor which could cause extended duration of the breeding season. In my study site, however, the breeding sites, i. e., paddy fields, were already filled with enough water for breeding by late April when the pond frogs were still in hibernation, and the water depth was maintained until September. Therefore, it is unlikely that the timing and duration of the breeding activities were influenced by the water conditions in my population.
In some anuran species with prolonged breeding seasons, production of multiple clutches within a breeding season has been reported (e. g., Wells, 1976; Serizawa, 1983; Shimoyama, 1986) . But as there were no females with redeveloping ovaries in this study, it was unlikely that females developed multiple clutches in a single breeding season. Therefore, it is considered that females spawn only one clutch during a breeding season as in the populations with explosive breeding seasons (e. g., Serizawa, 1983) .
As shown in Figure 3 , smaller females tended to breed later in the season. On the other hand, clutch size and ovum size were positively correlated with female SVL (Fig. 4) , and therefore, ovum size was positively related to clutch size. These results indicate that smaller females have smaller and less numerous eggs than larger ones, and deposit the eggs later in the season. Kuramoto (1978) showed a positive correlation between female body weight and both clutch size and ovum size in this frog from Fukuoka.
According to Kuramoto, average clutch size and ovum size was 2113.6 and 1.80mm, respectively. These values are close to those of the present study. Serizawa et al. (1990) reported clutch size (x=2153) and ovum size (x=1.95mm) in this frog from Tatsuda, and also showed a positive correlation between female SVL and clutch size (regression equation: Clutch size=2.168 SVL3.374). The regression equation shown by them is much larger than that of the present study, and may have some errors. Similarly, the average ovum size shown by them is markedly larger than those of Kuramoto (1978) and the present study. One of the possible causes of this difference is the difference in methodology o f measuring ovum size (see Serizawa et al., 1990) . There is also a possibility of occurrence of interpopulational variation in clutch parameters in this frog as known in Bufo japonicus .
It has been pointed out that the temporal pattern of the availability of gravid females strongly affects the male mate-locating behavior and mating system in anurans (Wells, 1977; Arak, 1983) . There is a possibility that the mating system of R. nigromaculata differs between populations with explosive breeding seasons and those with prolonged breeding seasons.
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